Summary
Epidemiological evidence shows that women living in affluent circumstances have bigger babies with a lower mortality than underpriviliged women. How much of that effect is due to nutrition alone is not known but supplementary feeding in pregnancy of chronically ill nourished women does appear to increase mean birth weight, and famine conditions in a basically well nourished community reduce the birth weight; in both cases the birth weight difference is relatively small and could be accounted for by no more than fetal adipose tissue.
The fetus may be much less vulnerable to vagaries of maternal diet than has been thought because of protective physiological mechanisms associated with pregnancy. Firstly the mother's energy balance changes, so that if she has access to extra food in the first half of pregnancy she will store large amounts of depot fat as an energy buffer against possible privation later. Secondly, there are widespread changes in nutrient metabolism one of which is to lower plasma levels of most nutrients, and that may tip the balance of advantage away from maternal tissue towards the placenta. Finally, the placenta itself has developed elaborate mechanisms to acquire nutrients from the maternal circulation. A notable exception to that rule is glucose for which no active transport mechanism has evolved and which might therefore be regarded as a low priority nutrient; it may be that the generous supply of glucose for the fetus which would be provided by a well fed woman does little more than allow the fetus to build up its fat stores.
Introduction
The subject of nutrition embraces everything from population statistics to the subtle activities of intracellular enzymes. Information throughout that range is particularly thin and fragmentary in pregnancy, but with a bravery born of ignorance the author would like to collect together some of the phenomena associated with nutrition in pregnancy and try to make some kind of coherent if superficial picture.
Although it is obvious to the clinician that most poorly nourished and socially deprived women reproduce easily, and that healthy well fed mothers may produce poorly grown infants, it is nevertheless part of medical folk-lore that successful reproduction depends on good nutrition. Large scale statistics support that idea: women in affluent circumstances have bigger babies and fewer perinatal deaths than socially under-privileged women, but interpretation of those differences is bedevilled by the fact that nutritional variables never operate in isolation. Affluent mothers are not only better fed, they enjoy and have had a life-long experience of superior health, education, housing and medical care; they plan their families advantageously and they smoke less. Thus, the large differences in perinatal mortality which occur within a single small country such as Britain from the high rates in Clydeside and Merseyside to the low rates in South-East England undoubtedly reflect more than simple differences of diet during pregnancy.
The most persuasive evidence that diet itself may have an effect on reproductive performance was provided by the involuntary 'feeding experiment' made on a national scale in Britain during World War II. A dramatic fall in the stillbirth rate (per thousand total births), from 38 in 1940 to 28 in 1945 was considered by Duncan, Baird and Thomson (1952) to be due mainly to improved maternal nutrition which followed an enlightened food-rationing policy under which pregnant and lactating women received priority; civilian medical services were attenuated and there was no advance in treatment that would plausibly have reduced stillbirths so substantially at that time.
But even in a wholly nutritional context interpretation is not straightforward. How much of an effect is due to 'nutritional status', that elusive concept of being well grown and well nourished which is so difficult to define and measure, and how much to the actual diet taken during pregnancy? Again the two overlap. Women who live in socio-economic circumstances where they are poorly fed as children, grow poorly, and eat poorly as adults, are the ones who eat poorly in pregnancy.
The combined effect is not as great as one might (Smith, 1947) .
The most obvious effect on reproduction of sudden severe under-nutrition is infecundity so that the famine was followed 9 months later by a massive fall in the birth rate (Stein and Susser, 1975a) (Fig. 2) Thomson (1959) pointed out, the dramatic and unprecedented fall in the stillbirth rate over 5 years in wartime Britain was only 1% and if a similar change was expected in a controlled feeding experiment, it would require more than 10 000 experimental and control subjects to be reasonably sure of obtaining a statistically convincing result. Even the very large depression in birth weight of the infants born to the starving Dutch women appears to have had no permanent effect on their subsequent growth and intellectual development (Stein et al., 1975 conception, the growth of uterus and breasts and the expansion of volume of blood and other body fluids (Hytten and Leitch, 1971) . The balance amounts to about 3-5 kg and is body fat. Figure 4 (Lind, 1975) and that has been interpreted (e.g. by Freinkel, 1969) Glucose is not alone in showing reduced fasting levels; the plasma levels of most nutrients fall in pregnancy (Fig. 7) . Only lipid fractions tend to rise, and while it is possible to explain some of the changes in the figure the majority are enigmatic (Hytten, 1978a (Hytten, 1978a) .
the normal person -why one woman should preserve a level of 5, and another a level of 4 mmol/l, one is not likely to be able to interpret the fall in level which occurs in early pregnancy. And that is even more true of nutrients like folate where there is no certainty that any homoeostatic control exists at all.
The preponderant pattern of reduction in the plasma levels of nutrients suggests a common mechanism or perhaps a common purpose. No mechanism is known and because of the differences of pattern of fall none seems likely. Dilution by the increasing plasma volume cannot explain the sudden drop in concentration shown by glucose and amino acids in early pregnancy, although it could explain the more gradual change in folate concentration. Dietary deficiency or failure of absorption is certainly not responsible at least for most of the low levels described, although many can be artificially raised by large dietary supplements. Nor is it likely that excessive excretion in the urine plays more than a marginal role: all women show a reduced fasting blood sugar but not all have glycosuria and there is little relation between amino acid excretion and blood levels. For example, histidine, which is lost in greatest amounts in the urine, has an unchanged plasma level in pregnancy.
Although dietary deficiency is the popular scapegoat for the reduced nutrient levels in normal pregnancy it is worth emphasizing its implausibility: it seems excessively unlikely that a phenomenon affect- and it seems strange that the fetus should have to rely on a favourable concentration gradient from the mother for its supplies (Elphick, Hull and Sanders, 1976; Elphick, Edson and Hull, 1978) . However, since free fatty acids in the plasma rise when the mother starves it seems unlikely that the fetus would ever be seriously deprived. Glucose, in contrast, is something of a luxury food, and the infant's fat store, built from glucose, is largely a function of the mother's plasma levels, high in the well fed and low in the starved. When the mother eats well then the relaxed glucose tolerance allows the fetus a generous share; when she does not then the fetus gets enough glucose for its immediate needs or can make it from non-carbohydrate precursors. If a generous supply of glucose were essential to fetal growth and survival then evolution would presumably have seen to it that the placenta acquired glucose actively, but glucose crosses to the fetus by facilitated diffusion and depends for its placental transport on a gradient from the mother (Hytten, 1978b) . It seems unlikely that fetal growth would be noticeably affected by marginal supplies of glucose, although it is possible that if the fetus does have increased levels of plasma glucose then the insuilin which it may release to control it will have a minor growth-promoting effect. But the essential nutrients such as amino acids and the vitamins are actively transported to the fetus by a placenta which will acquire them inexorably regardless of the mother's state of nutrition, ensuring a reasonably well grown if lean baby.
The author must reiterate that he is speaking as a physiologist about the physiological safeguards against maternal deprivation enjoyed by the fetus of a basically healthy woman and which he believes it is very difficult to damage by overall restriction of diet. However, for the fetus of an apparently normal woman which is growth-retarded perhaps because of some pathology affecting placental function, these safeguards may not be effective and dietary supplements are probably inappropriate.
In communities such as rural Guatemala, where most mothers are deprived, undergrown and generally unhealthy, extra feeding in pregnancy may help to support the inifant's undoubted capacity to survive by parasitism, but the basic defect of prolonged underfeeding of the mother must be tackled at a social rather than a clinical level.
